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Abstract
There are generally three methods of modelling the acquired immuno
deficiency syndrome (AIDS) epidemic. At one exheme is the attempt tofit a function of calendar time such as a polynomial or other
mathematically convenient cUrvos to the AIDS incidence curve while the
other extreme attempts to model the full dynamics of the transmission of
the epidemic in the population providing much insiglrt into the
qualitative evolution of the epidemic and identiffing the key variables
that determine the firture number of cases.
The method of backcalculation which is intermediate between the first
two methods, estimates the past HIV infection rate from the AIDS
incidence data and an estimate ofthe incubation period distribution. This
method is used on the Malaysian data to model th€ AIDS epidemic
because it makes use of the Jvlalaysian AIDS incidence which is fairly
reliable and is more reflective of the trend of the epidemic as compared
to the HIV infection rate recorded. An application is made in this study
on the AIDS incidence data tn Malaysia released by the Ministry of
Health, Malaysia using a baclcalculation program and an approximate
incubation period distribution to generate the current HW infection rate
for Malaysia.
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1. Introduction
Methods for predicting the future trends in the incidence of AIDS are based on one of
three melhods. These methods are similar in that they all fit some function of calendar
time to the incidence of AIDS data but they differ in the degree to which the mechanisms
that generate the data are incorporated into the model.
At one exfeme, the method fits a function of calendar time such as a polynomial or other
mathematically convenient curves to the AIDS incidence cwve and then extrapolates into
the fuhre (see [10]). Although this method is easily implemented, it has the danger of
extrapolating a fitted model outside the raoge of the observed data. The prevalence of HIV
infection cannot be estimated with this approach. This method ignores what is known
about the epidemiology ofthe disease and it cannot incorporate information that one might
have on changing pattems of transmission.
229
230 Ong
The second method models the full dynamics of transmission of the epidemic in the
population providing much insight into the qualitative evolution of the epidemic and
identiffing the key variables that dEtermine the short and medium term forecast of the
number of cases (see [2]). Unfortunately, the deterministic models proposed for general
epidemics are complicate4 and the stochastic models are even more complicated.
Furthermore, predictions based on $uch models are particularly sensitive to unknown
parameters such as the long incubation distribution from infection to the development of
AIDS, the frequency and pattern ofsexual activity and bEhavioural changes which change
wilh time and also the proportion of infected people who eventually develop AIDS with
allowance for emigration, immigration and death. Such models are complicated and
contained many unknown parameters (see [1 l]).
The third approach, to be explained in this study, which is intermediate between these two
approaches, is the back projection method. (see [3, 4, 9]). Backcalculalion is a method of
estimating past HIV infection rates from the AIDS incidence data and an estimate of the
incubation period distribution. The method requires reliable counts of lhe number of
AIDS cases diagnosed over time and a reliable estimate of the incubation period
distribution. The method is popular because it makes use of the AIDS incidence data
which represent the most readily available information on the AIDS epidemic as most
national AIDS surveillance data systems record only AIDS cases. The incubation period
distribution is then applied to the estimated past HIV infection rates to project future AIDS
incidence.
2. The Method of Backcalculation
The basic convolution equation in backcalculation relates the number of new cases of
AIDS in time tto t + dt (desigrrated Z(t)) anathe number of new HIV infections g(s)
at each time s since the start ofthe epidemic (s=0) through the incubation period
distribution/(z), where z is the time spent between the initial infection and the eventual
diagnosis of AIDS. The basic convolution equation is given as:
Z(t)= l,s@fG-s)ds. (t)
From the above equatiog for an individual to be diagnosed as an AIDS case by calendar
time t,he or she must have been infected at some prior time q and then have an incubation
period less than l-s. In othsr wprds, the backcalculation method uses the above
equation together with knowledge of Z(t) (obtained from the AIDS cases registries) and
/(t) loUtained from the epidemiological studies) to give information on past infection
rates g(s). lt f(t) is knowq the pbove relationship could be inverted to express g(s)
for all 0<s(l as afmction of Z(t).Ingeneral, afamily of values for g(s), 0<s<t
can be constructed which are consistent with a realization of Z(s), 0 < s < /.
Let 21, 22, ... ,zn|cr- the number of AIDS cases diagnosed in the calendar time mtervallti-t, ti
), j = l, 2, ... ,n. It is assumed that individuals become infected according to a point
proc€ss. Then the expected number of AIDS cases occurring during the time interval
[r,-,, /, ) is given by [7, p.198]
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E(2,)- f s(s).{F(r, -s)-F(r,-, -s}ds (z)
where F(t) is defined to be 0 for I < 0. By convention, we shall define calendar time 0 to be
the start of the epidemic (that is g(s) : 0 prior to that time) and thus l, : 0.
The method of backcalculation is used because it makes use of the AIDS incidence data
which is more reflective of the trend of the epidemic. The number of HIV+ cases, on the
other hand, is dependent on the test made and is unreliable as a trend. For example, a steep
rise in the number of HIV+ cases may be due to the mandatory testing of all intravenous
drug users in drug rehabilitation centres and increase in detection through aggressive case
furding.
3. Result of the Backcalculation Method oD the Malaysian Data
The definitive diagnostic method for diseases indicative of AIDS used in Malaysia is taken
from the Ministry of Health's publication "Plan of Action for Prevention and Control of
llDS'released in May 1988. This dofinition is similar to the CDC's 1987 definition and
the WHO definition and has been in used in Malaysia since 1988. The under reporting
rate is assumed to be 10% (around 90% reported) throughout and the reporting delay,
which is around 2 to 4 weeks, from the various districts to the AIDS section, Ministry of
Health is assumed to be negligible.
The backcalculation method is applied by [3] on the Malaysian data until August 1996
and obtained the estimated number of cumulative HIV infection as shown in Figure l.
Tlaa
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Figure I Estimated cumulative number of HIV infection appliedto the Malaysian data
till August 1996 ( see [13])
An obvious result from Figure I is that the HMAIDS epidemic in Malaysia is in their
early stage which is evident in its rapid exponential increase in the number of infected
cases until August 1996. A backcalculation program in Fortran from [3] is used again on
the Malaysian data in this paper. The program is based on the incubation period
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distribution from [4]. The basis for using the incubation period distribution from [4]'
which is based mJinly on homosexuals, on the Malaysian data which are mainly
intravenous drug users is because the incubation period distribution of the two cohorts are
similar ( seell2l).
Table 1: Cumulative HIV+ and AIDS cases recorded from the Ministry of Health,
Malaysia ( see [1] ) and the corresponding estimated cumulative HfV* cases from the
backcalculation method it this
Year Cumulative HIV+
cases recorded
AIDS Cases
reported
Estimated cumulative
HIV+ Cases
1986 3 1.62
r987 5 0 402-26
1988 l4 2 1 036.68
1989 214 2 1828.84
1990 992 l8 2897.21
1991 2786 60 4502.37
1992 5298 73 7208.t4
1993 7805 7l 12064.O1
1994 lll98 105 20214.95
1995 15396 233 30897.54
t996 t9993 347 40536.07
1997 23917 568 46141.35
1998 2854r 875 50055.38
1999 33233 1200 51718.45
2000 38340 I 168 52542.59
z00l 44218 1302 52950.32
2002 51256 I 193 53152.0r
There is a slowdown in the increase of the number of estimated infected HIV+ cases in the
late 1990s as can be seen from Figure 2. This trend is supported by a slowdown in the
increase of the number of AIDS cases (as can be seen in Table 1) which gives a clear
picture of the trend of the epidemic. Also, there is a narrowing of the gap between the
number of recorded cumulative and pstimated HIV+ cases. This is probably due to an
increasing awileness among the population (especially the high risk group) towards the
epidemiCand also due the efforts by the Malaysian government and non-government
organizations to promote this awarengss. This slowdown in the increase is also similar to
thJtrend in deveioped countries like the US and UK where the AIDS epidemic had begun
earlier. (see [3, 8])
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Figre 2. A comparison between the recorded and estimated cumulative number of HIV
infections in Malaysia
Beside the uncertainty resulting from inaccurate knowledge of the inputs of AIDS dat4 the
estimates from the method of backcalculation have some inherent stochastic uncertainty.
The confidence bounds in Table 2 reflect only the uncertainty that would be present if we
actually know the incubation and reporting inputs and the smoothness weights.
Table 2: Point wise 95olo lower and upper confidence bounds of the estimated HIV+
incidences,
Year Cumulative HW+
estimated
Lower bound Upper bound
1986 1.62 0 23.7t
1987 402.26 229.72 574.79
1988 1036.68 789.61 t281.75
1989 1828.84 1590.70 2066.98
1990 2897.21 2590.98 3203.44
l99l 4502.37 4000.09 5004.66
1992 7208.14 6478.84 7937.44
1993 12064.01 I 1082.89 t3045.12
1994 20214.95 18796.78 21633.12
1995 30897.54 28951.01 32844.07
1996 40536.07 38096.14 42976.00
1997 46741.35 43744.66 49748.03
1998 50055.38 46405.93 53704.83
1999 51718.45 47428.t9 56008.72
2000 52542.59 47705.98 57379.20
2001 52950.32 47705.65 58194.98
2002 53152.01 4?630.46 58673.56
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4. Discussion
There are several potential sources oferror and limitations underlying the assurnption of
the methodology. Firstly, the parametric model for the HIV infection rate provide no
information about future incidence rate as it only attempts to estimate the historical
infection rates. It is for this reason that backcalculation is referred to as a method fot
estimating the minimum size of the epidemic (see [6]). Secondly, there is little
information about the recent infection rate because of the long incubation period.
However, short term projections of AIDS are reliable because such projections depend
more strongly on the infection rate in the distant past than the recent ones. The third
limitation is that the incubation distdbution, F, is not known precisely although it is
assumed known. The incubation distrfbution may be different for different subgroups of
infected individuals with age as a cofactor of disease progression. Fourthty, the
assumption of dependence between tfte calendar date of infection and incubation period
implicit in the convolution equation would be violated ifcofactors ofdisease progression
are identified that are more prevalent among those infected eadier (or later) in calendar
time. Also, a smaller / needs to be compensated by a larger g in order to fit the
cumulative AIDS incidence series. The fifth poter$ial source of limitation is in the
inaccuracies in fhe AIDS incidence data over time. It could be clouded with issues like
reporting delays and changes in AIDS definition, discussed in the previous section.
The application of backcalculation to data is usefrrl in several aspects. Firstly, the
backcalculation method provides a simple conceptual framework for relating the
incubation distribution with the AIDS incidence data and the infection rate. secindly,
backcalculation leads to short-term projections of AIDS incidence that are robust to
changes in the incubation dishibution (see [5, 6, 14]). Thirdly, although backcalculation
estimates of cumulative infections are known to be highly sensitive to the choice of I
plausible ranges of estimates of g from backcalculation for the number infected in the
United States based on data through mid-1987 were in broad agreement with estimates
based on surveys in selected populations (see [6, 14]).
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